Trend of mortality from ischemic heart disease and influenza vaccination in older adults in São Paulo
Tendência da mortalidade por doenças isquêmicas do coração e a vacinação contra influenza em idosos em São Paulo
Resumo O objetivo deste artigo é analisar a tendência dos coeficientes de mortalidade por doenças isquêmicas do coração (DIC) nos idosos no estado de São Paulo, entre 1980 e 2012, identificar mudanças na tendência e verificar a relação entre as coberturas da vacinação contra influenza e os referidos coeficientes de mortalidade. Trata-se de um estudo ecológico de série temporal, realizado com dados secundários do Sistema de Informação sobre Mortalidade (SIM), do Instituto Brasileiro de Geografia e Estatística (IBGE) e do Sistema de Informações do Programa Nacional de Imunizaintroduction
Cardiovascular disease exerts considerable impact on morbidity and mortality rates throughout the world. The main risk factors are arterial hypertension, diabetes mellitus, dyslipidemia, smoking, physical inactivity, abusive alcohol intake, overweight/obesity and inadequate eating habits. Other determinants include poverty, stress, age and hereditary factors 1 . In Brazil, cardiovascular disease has been the major cause of death for decades, with high prevalence rates of complications associated with ischemic heart disease (IHD) and cerebrovascular disease, which have a huge impact on the morbidity of the population 2, 3 . Among older adults, these diseases account for high hospitalization and outpatient follow-up costs and continue to be the major cause of death 2, 4 . Studies have shown that infection by influenza is associated with an increase in mortality among older adults and individuals with chronic diseases [5] [6] [7] [8] [9] . According to the US Centers for Disease Control and Prevention, previous infection by influenza is a risk factor for death caused by acute myocardial infarction, vascular disease and diabetes. However, these deaths are not counted together with those due to pneumonia and influenza and the impact of the disease on the mortality rate may be underestimated 8 .
The literature reports an increase in deaths and cardiovascular events during flu epidemics in the past century 10, 11 . In Brazil, chronic cardiovascular disease was the second most prevalent adverse health condition among patients who died during the pandemic of the H1N1 virus in 2009, surpassed only by chronic respiratory disease 12 .
Strategies for the reduction and control of morbidity and mortality due to non-communicable chronic diseases among older adults include primary prevention services, such as vaccinations 13 . An annual vaccination against the flu is recommended for older adults and individuals with chronic diseases, such as cardiovascular disease, as a strategy to reduce the morbidity and mortality rates associated with infection by the influenza virus [13] [14] [15] . According to the Brazilian Cardiology Society, vaccination against influenza and pneumococcus reduces the number of hospitalizations due to heart failure among older adults 16 . Mansur et al. 17 analyzed mortality rates due to cardiovascular diseases among older adults in the metropolitan region of the city of São Paulo before and after flu vaccines and found a significant reduction in deaths due to IHD after the introduction of immunization campaigns for the elderly. The benefits of the flu vaccine for individuals with cardiovascular disease have been investigated and despite not presenting unanimous results, most studies indicate a protective effect, especially with regard to heart-related outcomes 7, 17 . In Brazil, the relationship between the flu vaccine and mortality due to cardiovascular disease remains under-investigated and divergent findings are reported 17, 18 . The aims of the present study were to analyze the mortality trend due to ischemic heart disease (IHD) in the population of older adults (≥ 60 years of age) in the state of São Paulo in the periods before (1980 to 1997) and after (1998 to 2012) the beginning of flu vaccination campaigns, identify change points in trends throughout the entire period and determine the correlation between flu vaccine coverage and mortality coefficients between 2000 and 2012.
methods
An ecological time series study was conducted with data from the Mortality Information System (SIM) of the Brazilian Health Ministry by the Department of Informatics of the Public Healthcare System (DATASUS). SIM/DATASUS stores data on deaths through the collection of information from death certificates. Population estimates were based on census data from the Brazilian Institute of Geography and Statistics (IBGE), which were also taken from the DATA-SUS website.
The variables studied were year of death, sex (male and female), age group (60 to 69, 70 to 79 and ≥ 80 years), specific mortality rate for selected cause (IHD) and vaccination coverage. Codes 410 to 414 in Chapter VII of the 9 th Revision of the International Classification of Diseases (ICD-9) were used for deaths due to IHD between 1980 and 1995 and codes I20 to I25 in Chapter IX of the 10 th revision (ICD-10) were used for deaths between 1996 and 2012. The mortality trend due to IHD in the elderly population between 1980 and 2012 was estimated from standardized mortality coefficients using the direct method 20 (the population of the state of São Paulo from the 2010 Census was used as the standard population) as well as specific coefficients per sex and age group (60 to 69, 70 to 79 and ≥ 80 years) for every 10,000 inhabitants. For each year, the standardized male/female coefficient ratio was calculated to track changes in this ratio over time using a simple linear regression model with a 5% significance level.
Prior to adjusting the models, dispersion diagrams were plotted using data related to mortality coefficients and the years studied to enable the visualization of the trend. From the observed relationship, simple or polynomial regression models were estimated, which are easy to create and interpret and have considerable statistical power. The modeling process was performed considering the mortality coefficients as the dependent variable (Y axis) and the years studied as the independent variable (X axis). A centered-year variable (1996) was used to mitigate the serial correlation between the terms of the regression equation 21 . The most parsimonious model was selected and the coefficient of determination (R 2 ) was used as the goodness-of-fit measure 22 . A p-value < 0.05 was considered indicative of a significant trend. For models that were similar from the statistical standpoint, the simpler one was selected. Adherence to normal distribution was determined using the Shapiro-Wilk test, the supposition of equal variance was investigated using White's test and the absence of serial correlation of the variables was determined using the Breusch-Godfrey test.
A segmented regression analysis (joinpoint regression) was also performed to identify possible significant changes in the trend throughout the period. This model assumes a linear trend between inflexion points and works with the same presuppositions as the simple linear regression model, except those of independence (non-autocorrelation) and constant variance (homoscedasticity). Besides identifying the number and location of changes in the mortality trend, joinpoint regression enables estimating the Annual Percent Change (APC) in each of the periods demarcated by the inflexion points. This model was also used to obtain a summary measure of the trend between 1980 and 2012, represented by the Average Annual Percent Change (AAPC) 23 . The selection of the number of significant junction points was performed automatically by the Joinpoint Regression Program. The existence or absence of homoscedasticity and non-autocorrelation was determined and incorporated into the configurations of the software program for the adjustment of the models.
A 5% significance level and 95% confidence intervals were used for the choice of the model with the best fit. Pearson's correlation coefficients (r) were calculated for the determination of the strength of correlations between coefficients of mortality due to IHD and vaccine coverage be- 
Results
Between 1980 and 2012, 561,772 deaths due to IHD among the elderly population were registered in the state of São Paulo. The standardized mortality coefficients diminished among older adults of both sexes throughout this period ( Figure 1 ; Table 1 ). For the male sex, the mean mortality coefficient due to IHD in the period was 78.18 deaths per 10,000 men, with a constant linear regression of -1.77 per year. For the female sex, the mean coefficient was 59.27 deaths per 10,000 women, with a constant linear reduction of -1.71 per year. The mortality rate among men was higher in all years and the standardized male/female mortality coefficient ratio increased throughout the period (p < 0.001), with a mean coefficient of 1.34 male deaths for each female death, which demonstrates the importance of IHD in the male population, especially over time ( Table 1) .
The analysis of the mortality trend due to IHD according to age group revealed a greater magnitude in the mean annual increase in older age groups for both males and females. Table 2 displays the regression coefficients and statistical significance of the mortality trend due to IHD according to sex and age group. Among males aged 60 to 69 years, the mean coefficient in the period ( 0 β ) reached nearly twofold that found in the female population in the same age group. The male and female population aged 80 or older stands out due to the magnitude of the mean riod. For women aged ≥ 80 years, a significant reduction in mortality coefficients was found only for the period from 1980 to 2005, as occurred with the male population. Considering both sexes, the APC of the coefficients of mortality due to IHD demonstrated a significant reduction from 1980 to 2005 (APC = -2.3%; 95% CI: -2.5% to -2.1%). Regarding the AAPC, a decreasing trend was found for both sexes in all age groups between 1980 and 2012. 
Discussion
The results of the present study demonstrate a significant reduction in mortality due to ischemic heart disease between 1980 and 2012 among male and female older adults in all age groups, with the reduction more pronounced among individuals aged 80 years or older. The downward trend is similar to that reported for most regions of Brazil in recent decades, especially the southern and southeastern regions 2, 4, 24 . However, a recent study coefficient (β 0 ). The linear reduction (β 1 ) was also greater for the older age groups. The mortality coefficients generally demonstrated different magnitudes between sexes in the age groups analyzed, but a similar behavior with regard to the trend throughout the period. Table 2 also displays the results of the analysis of the trend of the coefficients of mortality due to IHD according to sex before and after the beginning of the flu vaccine campaigns. Significant reductions in the mean mortality coefficient (β 0 ) were found in both sexes after the beginning of the campaigns, with a slightly more accentuated reduction in the male sex. A reduction in the mean annual increment (β 1 ) was also found for the older adults as a whole. Table 3 displays the annual percent change (APC) and average annual percent change calculated for the entire period (AAPC) of the coefficients of mortality due to IHD according to the joinpoint regression analysis. Based on the APC, the mortality coefficients demonstrated different change points between 1980 and 2012 according to the age groups studied, with significant reductions for men aged 60 to 69 years (1980 to 1996; 1996 25 . The reduction in mortality due to cardiovascular disease among older adults may be partially attributed to the expansion in access to healthcare services, such as primary care, health promotion actions, improvements in health care, a reduction in the prevalence of smoking and improvements in socioeconomic aspects 3, 13 . In the present study, the risk of death due to IHD was greater among men and the mean annual coefficient for those aged 80 years or older was approximately fourfold higher that found in the 60-to-69-year-old age group. Mean coefficients were lower among women, but the increase was approximately sevenfold among those at more advanced ages in comparison to those less than 70 years of age. Therefore, a reduction in the difference between males and females was found regarding the magnitude of the coefficients of mortality due to IHD over time, despite the increasing trend of a higher mortality rate among males in the period. The difference between men and women in mortality due to cardiovascular disease is greater up to the age of 60 years in the state of São Paulo, with a progressive reduction in this difference thereafter 26 . Laurenti et al. 27 investigated the morbidity-mortality profile of men in Brazil and found greater mortality in all age groups as well as all groups of causes. Despite the greater morbidity 27, 28 . The greater mortality rate among men due to IHD in the present investigation has also been reported in previous studies 25, 29 . The greater mortality rate among men may be explained by the fact that the male population seeks health services less frequently than women, which hinders an early diagnosis of prevalent chronic diseases and impedes the timely adoption of necessary therapeutic and preventive measures [26] [27] [28] . According to Mendes 29 , the differences in female and male mortality coefficients among older adults indicate the need for greater attention to the male population in order to improve the quality of the follow up of chronic diseases in earlier phases of life, offer counseling and take preventive measures that can reduce the number of deaths due to ischemic heart and cerebrovascular diseases.
Spike in mortality were found in the trends for both sexes in the present study in 1983/84, 1988, 1990, 1994/1995, 1999, 2004 and 2006 . The literature offers epidemiological evidence of an indirect relationship between influenza and mortality due to all causes as well as hospitalizations due to respiratory and cardiovascular problems 30, 31 . With the exception of the period between 1999 and 2007 32 , records on the subtypes of the influenza virus circulating in Brazil are scarce. However, there are references of an increase in viral circulation in other countries, such as England (1989-90) 33 , the United States 34 , France 35 and Portugal
31
. Considering the ease and swiftness by which individuals travel about the world, the identification of viral variants with greater virulence in a given country constitutes a risk of circulation in other parts of the planet, which is reflected in higher mortality rates due to all causes as well as due to respiratory conditions and IHD 31 . Simonsen et al. 36 identified excess mortality for all causes in the United States and Nunes et al. 31 estimated excess deaths due to all causes as well as ischemic heart disease and cerebrovascular diseases in Portugal, both related to the circulation of the A/H3N2 influenza virus. Epidemics with a predominance of this subtype of the virus were recorded in North America during the seasons that preceded its circulation in Brazil . It should be stressed that the 2009 pandemic affected the population between 20 and 59 years of age with greater intensity, exerting less impact on mortality among older adults due to pneumonia and influenza 12, 39 or other causes.
Coincidence or considerable antigenic proximity of the circulating strains with those that composing the vaccine was generally found since the implementation of the vaccination campaigns in the state of São Paulo and all Brazil 15, 40 . However, one must bear in mind that several factors are With regard to the evaluation of trends before and after the availability of the flu vaccine for older adults, a significant reduction was found in the mean post-vaccination coefficients. Evaluating the evolution of mortality and hospital morbidity due to respiratory and cardiovascular disease in the state of Rio Grande do Sul (southern Brazil), Azambuja 41 found a stabilization of the trend among older adults beginning in 1999, which had previously been increasing, while the decreasing trend of mortality due to myocardial infarction continued, albeit more slowly. In an analysis of mortality due to cardiovascular disease before and after the beginning of flu vaccination campaigns in the city of São Paulo, Mansur et al. 17 found a significant reduction in mortality due to IHD in the comparison of the pre-vaccine and post-vaccine periods.
Although a reduction in mean coefficients is seen after the implementation of the flu vaccination campaigns, many factors are associated with mortality due to IHD among older adults. One should also bear in mind that the immune response to the vaccination differs according to adverse health conditions and age of individuals 42 . However, despite the official recommendation of vaccination for risk groups 15,14 and the importance of vaccination to the prevention of cases of hospitalization and death 43 , studies have reported a greater prevalence of vaccination only among older adults with hypertension and those with diabetes 44, 45 . The American Heart Association and American College of Cardiology recommend an annual flu vaccine for all patients with atherosclerosis 46 . In Brazil, the Health Ministry and the Brazilian Cardiology Society also recommend an annual vaccine for patients with heart failure Greater vaccine coverage has also been seen in this age group since the beginning of the campaigns 44, 48 . It is therefore possible that part of the significant reduction in mortality coefficients may be explained by the greater adherence of this subgroup to vaccination. For individuals aged 80 years or older, a significant reduction in mortality coefficients was only found in the period spanning from 1980 to 2005. The elderly population has been increasing at an accelerated rate and constitutes the group that has grown the most in recent years 49 . Access to better living conditions, information regarding healthy habits, quality health care, vaccination campaigns and other public health actions have exerted an influence on the reduction in mortality rates and, consequently, an increase in life expectancy 50 . Moreover, recent studies conducted in Brazil have contributed to broadening knowledge on aspects related to the living conditions and health of older adults 51 . No correlation was found between vaccine coverage and coefficients of mortality due to IHD in the entire sample of older adults. One must consider the difference in flu vaccine coverage in this population according to sex, age and city of residence 44, 48, 52 . Thus, the trend in mortality for the entire set of individuals aged 60 years or older may not reflect the impact of vaccination on specific mortality rates. Data on vaccine coverage that consider these subgroups are needed to enable such analyses.
In the present study, 1998 was considered part of the post-vaccination period, as the first vaccination campaign for the elderly in the state of São Paulo occurred in 1998 in the city of São Paulo. One should also consider that the ecological time series design has limitations related to the use of secondary data, changes in diagnostic criteria over the years and the need for caution in the interpretation of results obtained through correlation analysis.
It is therefore important to consider the complexity of the determination of deaths due to cardiovascular disease, especially ischemic heart disease, among older adults, who often have other chronic conditions as well as varied access to vaccinations. In the present study, one should also consider the impossibility of adjusting the models by other variables related to the outcome (mortality due to IHD).
It should be pointed out that the quality of information and standards for filling out death certificates did not improve in any substantial way, which compromises the quality of mortality information in the period studied 53 , even with the incorporation of the epidemiological death certificates by the Brazilian Health Ministry in 2011 54 . The increase in flu vaccine coverage among individuals with chronic diseases, including cardiovascular disease, is of fundamental importance to public health as a strategy to reduce morbidity and mortality associated with infection by the influenza virus 7, 14, 15 . However, despite the availability of the vaccine to these groups in Brazil, many individuals with chronic diseases have not yet been vaccinated 7, 15 . As the impact of influenza vaccination on mortality due to cardiovascular diseases is studied little in Brazil, the results of the present investigation underscore the importance of vaccination recommended by health professionals, especially by cardiologists, due to the potential benefit of the influenza vaccine with regard to the prevention of secondary cardiovascular events and, consequently, a possible reduction in mortality due to ischemic heart diseases among older adults.
Conclusion
The trend of mortality due to ischemic heart disease among older adults demonstrated a reduction in both sexes between 1980 and 2012, especially in the female sex. Moreover, reductions in coefficients of mortality due to IHD were found before and after the implementation of vaccination campaigns for older adults in Brazil. No significant changes in the trend were found in years near the implementation of the flu vaccine program. However, a greater prevalence of vaccination in the population aged 70 to 79 years has occurred in recent years and a significant reduction in mortality coefficients was found in both sexes of this age group beginning in 2003/2004, as demonstrated by the joinpoint regression analysis.
In the present study, the mortality trends due to ischemic heart disease were estimated for the population of older adults residing in the state of São Paulo. No linear relationship was found between the mortality coefficients and vaccine coverage in the overall sample of older adults. Although the correlation analysis was exploratory, this study can contribute to broadening the discussion on the topic. Studies on the effectiveness of the flu vaccine in older adults with chronic bases conditions are scarce in Brazil. However, considering the impact of the influenza virus on morbidity and mortality among older adults and individuals with chronic diseases, broadening vaccine coverage among groups that have officially been recommended for vaccinations is a strategy for such individuals to benefit from this specific form of protection.
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